Herein, we report the magneto-transport and exchange bias effect in a "314 -type" oxygen -vacancy ordered material with composition SrCo 0.85 Fe 0.15 O 2.62 . This material exhibits a ferrimagnetic transition above room temperature, at 315 K. The negative magnetoresistance starts to appear from room temperature (-1.3 % at 295 K in 70 kOe) and reaches a sizable value of 58 % at 4 K in 70 kOe. Large exchange bias effect is observed below 315 K when the sample is cooled in the presence of a magnetic field. The coexistence of nearly compensated and ferrimagnetic regions in the layered structure originate magnetoresistance and exchange bias in this sample. The appearance of a sizable magnetoresistance and giant exchange bias effect, especially near room temperature indicates that "314-type" cobaltates are a promising class of material systems for the exploration of materials with potential applications as magnetic sensors or in the area of spintronics.
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For the practical utilization of these properties, a transition temperature near or above room temperature (RT) is usually required. In this context, ferrimagnetic TMOs with transition higher than RT have attracted considerable interest in recent times. For instance, Sr 2 FeMoO 6 and Sr 2 FeReO 6 materials having ferrimagnetic transition higher than 400 K show room temperature magnetoresistance. [4] [5] [6] Transition-metal-only ferrimagnetic double perovskites with chemical composition Mn 2 BReO 6 (B = Fe and Mn) show a new way to control magnetoresistance in spintronic materials. [7] [8] [9] The non-stoichiometric Ba 2 Fe 1.12 Os 0.88 O 6 compound (ferrimagnetic transition temperature T c = 370 K) shows the appearance of exchange bias effect near room temperature.
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In this letter, we report the room temperature exchange bias effect and magnetoresistance for "314-type" cobaltate with composition SrCo 0.85 Fe 0.15 O 2.62 . The oxygen deficient "314-type" compounds crystallize in a tetragonal symmetry, space group I4/mmm with a 2a p × 2a p × 4a p (a p = lattice parameter of the cubic perovskite) type unit cell and show the appearance of above RT ferrimagnetism.
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A pure phase polycrystalline sample of SrCo 0.85 Fe 0.15 O 2.62 was prepared by standard solid-state reaction method as reported previously. 16 The sample was characterized by X-ray powder diffraction (XRD) at room temperature (RT), performed in a Panalytical a) soumarik@gmail.com b) rpsingh@iiserb.ac.in X'pert Pro diffractometer (Cu K α radiation, λ = 1.5406 Å). Resistances of the polycrystalline sintered bar was measured on a Quantum Design physical property measurement system between 4-350 K and in magnetic fields up to 70 kOe. Temperature and field-dependent magnetization measurements were carried out by using Quantum Design MPMS-3 magnetometer. Figure 1 shows the RT-XRD pattern for the SrCo 0.85 Fe 0.15 O 2.62 sample, indexed with the "314-type" tetragonal cell. The crystal structure is shown in the inset of figure 1. As suggested previously, 16 the oxygen vacancy ordering in the oxygen-deficient Co1/Fe1-O layers and the tilting of octahedra (Co1/Fe1-O1-Co2/Fe2 = 172.9
• , see ref. 16 ) due to the Jahn-Teller distortion of the IS Co 3+ (t oxygen vacancy disordered cubic cell. Figure 2 shows the temperature variation of the FC susceptibility (measured with 1 kOe magnetic field), which confirms the ferrimagnetic transition at 315 K. Nevertheless, the increase in the χ F C at lower temperature can be attributed to the frustration in the layered structure due to the existence of antiferromagnetic (AFM, Fe
and Co 3+ -O(2p)-Co 4+ ) interactions. Temperature variation of the electrical resistivity at 0 kOe (ρ(T ) H=0kOe ) and 70 kOe (ρ(T ) H=70kOe ) magnetic field exhibit semiconducting-type behavior and a change in slope are observed at the ferrimagnetic transition temperature (∼ 315 K, left inset in figure 3 ). The resistivity data measured at 70 kOe do not show any change up to 300 K however, below 300 K ρ(T ) H=70kOe starts to deviate from ρ(T ) H=0kOe and becomes smaller down to 4 K. The temperature variation of magnetoresistance (MR), which is defined as figure 3 . Interestingly, a sizeable negative MR is observed over a wide temperature range (300-4K), and at 4 K the MR is -56%. In order to confirm the magnetoresistance behavior of the investigated sample, magnetic field dependent resistances (ρ(H)) were measured. The sample was cooled down (with zero magnetic field) from T = 350 K to the measurement temperatures and then measurements were performed. The right inset in figure 3 shows field variation of the MR at several temperatures. The MR values monotonically increase with increasing magnetic field and the highest MR value at 70 kOe reaches 58 % at 4 K. It is noteworthy that in contrast with perovskite manganites, only a handful of cobalt based perovskite compounds show MR. For instance, the oxygen deficient perovskite SrCoO 2.75 17,18 shows a negligible MR value of 0.5 % in 70 kOe, the MR was not reported both for Sr-
19 and electrochemically oxidized 20 or high-pressure synthesized 21 SrCoO 3 . In fact, only two series of Co-based perovskites, La-rich La 1−x Sr x CoO 3 (x < 0.5) [22] [23] [24] and the ordered oxygen deficient LnBaCo 2 O 5.4 (Ln = rare-earth elements) 25 show a significant MR ranges from 12.5 % to 50 % in H = 70 kOe at low temperatures. Therefore, the observed MR in the present sample is higher than the two other magnetoresistive cobalt perovskite systems.
To understand the conduction mechanism (4 K-350 K), the resistivity data measured under zero magnetic field (ρ(T ) H=0kOe ) is analyzed by fitting (not shown) to Arrhenius-type behavior and Mott variable range hopping (VRH) type behavior expected for a three-dimensional (3D) disordered system (ρ(
, for the Arrhenius model d = 0, T 0 is the activation energy and for the 3D -VRH model d = 3 and T 0 is the characteristic energy for hopping). The Arrhenius model does not follow a straight line; however, the fitting with the 3D -VRH model is more linear. Therefore, the electron conduction in SrCo To explore the temperature dependence of EB properties, and to verify whether the observed EB properties are associated with the magnetic ordering, we have studied the temperature dependence of exchange bias. The sample was field-cooled (FC) to the measuring temperatures in an applied field of 20 kOe. Once the measuring temperature was reached, the M-H loops were measured between ± 70 kOe. Figure 4(b) shows the temperature variation of the exchange bias field (H EB ) and coercivity (H C ). The EB effect is started ∼ 315 K (H EB = 84 Oe at 310 K) and with lowering the temperature H EB continuously increases up to 250 K (H EB = 8.5 kOe at 250 K) then shows a near saturation down to 10 K. Interestingly, the coercivity also persists up to 315 K, which is in fact, the ferrimagnetic ordering temperature for SrCo 0.85 Fe 0.15 O 2.62 .
Training effect is an important characteristic related to the EB property, where the uncompensated spin configuration at the interface may relax due to the repetition of the M-H loop and the H EB depends on the number of successive hysteresis loops measured. Figure 5 shows the variation of H EB with a number of field cycles (n). An enlarged view of the low field region of successive M-H loops (the left intercept of magnetic field axis) at 10 K is shown in the inset of figure 5. It clearly shows that the training effect is present in this sample and the exchange bias decreases monotonically as the cycle number (n) increases. A power law relationship is usually suggested to describe the number of field cycle (n) dependence of exchange bias.
Where H EB (n) is the exchange field for the nth cycle. H E∞ is the exchange field for n = ∞, and K is a system dependent constant. The fitted data (dotted line) is shown in figure 5 and the obtained value of H E∞ is 6.5 kOe, which will be the remnant H EB in the sample. Also, our experimental data matched well with the recursive formula suggested by Binek 35 i.e.,
where γ = 1/2K 2 . Recently, giant EB effects are observed in nearly compensated ferrimagnetic systems such as, in Heusler 10 The EB effects in those systems were attributed to the presence of ferrimagnetic clusters in the compensated host, which are formed as a consequence of antisite disorder. The magnetic ordering scheme of Co cations for the present sample (and/or any "314 -type" cobaltates, see ref. 14 and 15) is shown in figure 6 . There are two different Co sites in this layered structure, one is oxygen-replete (Co2/Fe2, see figure 1 ) and another oxygen-deficient (Co1/Fe1). As mentioned previously [14] [15] [16] 1 g , S = 1) state ordering (AFM aligned) in the oxygen-replete layers, while the Co cations in the oxygen deficient site are nearly compensated. Therefore, the large EB effect in this sample can be attributed to the coexistence of nearly compensated and ferrimagnetic regions. However, the existence of different magnetic interactions in the layered structure may also have an effect on the EB at a lower temperature. For technical applications of the EB effect, heterostructures are indeed required while the EB generally occurs at the interface of composite FM/AFM materials. Therefore, the layered structure type of the present material in combination with the potential for showing giant EB, sizable magnetoresistance and magnetic ordering above room temperature indicates that "314 -type" cobaltates are a promising class of compounds for designing new magnetic materials.
In summary, we have shown near room temperature appearance of two technologically important phenomena namely, negative magnetoresistance and EB in a "314 -type" oxygen vacancy ordered cobaltate sample. SrCo 0.85 Fe 0.15 O 2.62 shows ferrimagnetic transition above RT. The negative magnetoresistance starts to appear from room temperature and reaches a sizable value of 58 % at 4 K in 7 T. The exchange bias is observed below 315 K when the sample is cooled in the presence of a magnetic field. The large EB effect in this sample is attributed to the coexistence of nearly compensated and ferrimagnetic regions. Appropriate chemical doping should result in a further increase of the magnetoresistance and exchange bias. Moreover, the appearance of a sizable MR and EB near room temperature suggest that further studies on this material and on other "314 -type" compounds could be useful for finding materials with potential applications as sensors or in the area of spintronics.
